Abstract. In this paper, we use the method of permutation entropy symbolization to symbolize the original data. It mainly uses the size relation of the adjacent data to symbolize the original data, preserves the details of the original data, and overcomes the problem that global static symbolization method will lose the details of original data. In the paper, the symbolic transfer entropy based on permutation entropy symbolization is applied to the analysis of the sleep signal, and the method is compared with the method of symbolic transfer entropy based on quantization, and the following experimental results obtained are as follows: (1)The coupling of heart and brain in awake stage is stronger than that of first stage of non-rapid eye movement sleep. (2)Both in awake stage and first stage of non-rapid eye movement sleep, the coupling from brain to heart is stronger than the coupling from the heart to brain. (3)Using the symbolic transfer entropy method based on permutation entropy symbolization, we can get the conclusion (1) and the conclusion (2) for each data, and the method based on quantization can not fully derive the above conclusion, which is not applicable for some experimental data items. The results of the above experiments show that the symbolic transfer entropy method based on permutation entropy symbolization can obtain the better effect in the analysis of the coupling of EEG and ECG signal of sleep, which is more suitable for the clinical application. The symbolic transfer entropy[5-6] serves as a parameter to quantify the degree of correlation of the two systems and can be used to process the finite length of the physiological signal data. Symbolic transfer entropy method based on quantization quantifies the data directly in the process of symbolization. This symbolic method uses static partitioning, although the dynamic characteristics are retained, the details are inevitably lost and the results are affected. The Permutation entropy [7] [8] is an mean entropy parameter that measures the complexity of onedimensional time series. Its calculation is simple, and it is mainly uses the relation between the adjacent data to carry on the symbolization, and preserves the details of the original sequence and it can get very good results in practical application. Therefore, this paper uses the symbolic transfer entropy method based on permutation entropy symbolization to analyze the coupling of EEG and ECG signal in awake stage and first stage of non-rapid eye movement sleep, compare the effect with symbolic transfer entropy method based on quantization [9] , the experimental results show that the symbolic transfer entropy method based on permutation entropy symbolization can preserve the details of the signal and get better effects in the analysis of sleeping signal.
2.Symbolic Transfer Entropy Based on Permutation Entropy Symbolization and Based on Quantization

2.1Transfer entropy
Transfer entropy is a parameter that quantifies the degree of correlation of two systems or the degree of chaos, which can be used to process finite length physiological signal data. The definition of transfer entropy was proposed by Schreiber in 2000:
→I =∑ ( +1 , ( ) , ( ) 
， represents the states of the sequence I and Sequence J at the n moment.
( ) refers to a string of length k: −k+1 ，…， .Similarly, ( ) is a string of length l: − +1 ，…， .Generally, k and l are one in order to facilitate computation.
Symbolic transfer entropy based quantization
Suppose that x is the one-dimensional time series and the length is N:{ x(i):1 ≤ i ≤ N }.the symbolized sequence is s, and the length is N:{ s(i): 1≤ i ≤ N}.The following is the calculation process of symbolic transfer entropy: 1).First, the time series x is symbolized, and the symbolic formula is as follows:
s(i)={ 0 1 < ( ) < (1 + ) 1 or (1 + α)u2 < (i) < 2 1
(1 + ) 1 < ( ) or x(i) < (1 + α)u2 2
(1 − ) 1 < ( ) < 1 or u2 < (i) < (1 − α)u2 3
(1 − ) 2 < ( ) < (1 − ) 1
u1 is the mean of all numbers greater than 0 in sequence x, u2 is the mean of all numbers less than 0 in sequence x, and α is a constant, where we take the value of 0.05.
(2)Secondly, the symbolic sequence s is encoded to obtain the sequence w , the encoding is as follows:
w(i)= s(i)*64+s(i+1)*16+s(i+2)*4+s(i+3); (3) for the encoded time series w, the length is N:{w(i): 1≤ i ≤ N}. (3)In the phase space reconstruction, we set the embedding dimension m=4, and the time delay τ =1.After phase space reconstruction, we get the matrix X, and each row of matrix is
(4)Finally, calculate the transfer entropy of the matrix X.
Symbolic Transfer Entropy based on Permutation Entropy Symbolization
Suppose that x is one-dimensional time series and the length is N: {x(i):1≤ i ≤ N}.
(1)Firstly, the phase space reconstruction is carried out to obtain the matrix X. In the phase space reconstruction process, set the embedding dimension m=4, the time delay τ = 1 and τ = 5. After the phase space reconstruction, X is a matrix with row (N-(m-1)* τ), X(i) represent a row data of matrix:
(2)Secondly, Each of row of the matrix X is symbolized by permutation entropy symbolization, and the symbolized matrix is S.
(3)Finally, calculate the transfer entropy of matrix S.
Symbolic Transfer Entropy Analysis of Sleep Signals
The EEG and ECG signal data in awake stage and first stage of non-rapid eye movement sleep are taken from PhysioBank's MIT-BIH Polysomngraphic Database, the database records the multiparameter sleep data, including a guide EEG signal, a guide ECG signal, a guide EOG signal and other sleep signal, the basic data sampling rate is 250Hz, recording time up to 6h, with 30s for a staging annotation information. In this paper, a total of 16 group of EEG and ECG sleep signal Fig 1(b) is the symbol transfer entropy T eeg→ecg in awake stage. In this figure, y1 is the value of the symbolic transfer entropy based on quantization, y2 is the value of symbolic transfer entropy based on the permutation entropy symbolization when τ=1, and y3 is when τ=5. In awake stage, It can be seen from Fig 1 that the symbolic transfer entropy method based on permutation entropy symbolization is larger than symbolic transfer entropy based on quantization. At τ = 5, the symbolic transfer entropy method based on permutation entropy symbolization is larger than based on quantization. And at τ = 1,This two method are comparable, but the volatility of symbolic transfer entropy based on quantization is greater. Fig 2(a) is the symbol transfer entropy T ecg→eeg in first stage of non-rapid eye movement sleep and Fig 2(b) is the symbol transfer entropy T eeg→ecg in first stage of non-rapid eye movement sleep. In this figure, y1 is the value of the symbolic transfer entropy based on quantization, y2 is the value of symbolic transfer entropy based on the permutation entropy symbolization when τ=1, and y3 is when τ=5. As can be seen from Fig 2,  in first stage of non-rapid eye movement sleep, compare with symbolic transfer entropy based on quantization, symbolic transfer entropy based on permutation entropy symbolization is largest at τ=5,and τ=1 is almost equal to symbolic transfer entropy based quantization, but the fluctuation of the symbolic transfer entropy based on quantization is larger. is T ecg→eeg , and y1 is T eeg→ecg . In Fig 3, we can see that whatever it is in the awake stage or in first stage of non-rapid eye movement sleep, the symbolic transfer entropy T eeg→ecg is greater than T ecg→eeg . The coupling from the brain to heart is always greater than the coupling from heart to the brain. Fig 4(a) is the comparison of symbolic transfer entropy T ecg→eeg in awake stage and in first stage of non-rapid eye movement sleep and Fig 4(b) is the comparison of symbolic transfer entropy T eeg→ecg in awake stage and in first stage of non-rapid eye movement sleep. in this figure, x1 is the symbolic transfer entropy in awake stage, and y1 is in first stage of non-rapid eye movement sleep. In figure 4 , whatever it is T eeg→ecg and T ecg→eeg , we can see that the value of the awake stage is always greater than the value of first stage of non-rapid eye movement sleep. This suggests that both the coupling from brain to the heart and from heart to the brain, the symbolic transfer entropy in awake stage is larger than first stage of non-rapid eye movement sleep. figure, x1 is T ecg→eeg , and y1 is T eeg→ecg . In Fig 5, whether in awake stage or in first stage of non-rapid eye movement sleep, the value of T eeg→ecg is larger than T ecg→eeg , but the conclusion is not obvious, there is only such a trend. Fig 6(b) is the comparison of symbolic transfer entropy T eeg→ecg in awake stage and in first stage of non-rapid eye movement sleep; in this figure, x1 is the symbolic transfer entropy in awake stage, and y1 is in first stage of non-rapid eye movement sleep. In figure 6 , whatever T eeg→ecg and T ecg→eeg , The value in awake stage is always greater than the value in in first stage of non-rapid eye movement sleep. this conclusion is not true for all data, but just a trend.
3.3The Symbolic transfer entropy based on quantization
3.4A detailed analysis of the experimental result
From the above analysis, using symbolic transfer entropy method based on permutation entropy symbolization, we can conclude that T eeg→ecg is larger than T ecg→eeg whatever in awake stage and in first stage of non-rapid eye movement sleep. this show both in awake stage and in first stage of non-rapid eye movement sleep, the coupling from brain to heart is larger than from heart to brain. In this case, it is also concluded that the symbolic transfer entropy value of awake stage is larger than first stage of non-rapid eye movement sleep, whatever T eeg→ecg or T ecg→eeg . This suggest that the coupling between the heart and the brain in first stage of non-rapid eye movement sleep is less than the coupling between heart and the brain in awake stage. Using symbolic transfer entropy based on permutation entropy symbolization can drawn above conclusion. But the above-mentioned conclusion can not be obtained by using the symbolic transfer entropy based on quantization, the above conclusion are not all satisfied, and compare with the symbolic transfer entropy based on permutation entropy symbolization, symbolic transfer entropy based on quantization is more volatile and more unstable. This suggests that when analyze sleep signal, using symbolic transfer entropy method based on permutation entropy symbolization is better.
Table1-Table4 are specific data for experimental result, and "Quantify" represent the value of the symbolic transfer entropy based on the quantization, "τ=1" and "τ=5" all represent the value of the symbolic transfer entropy based on permutation entropy symbolization, and τ=1 represent time delay is one, τ=5 represents the time delay is five. 
Conclusion
On the basic research of symbolic transfer entropy based on quantization, this paper adopts the method of symbolic transfer entropy based on permutation entropy symbolization to analyze sleep signal. Through theoretical and experimental analysis, it found that when analyzing the coupling of EEG and ECG sleeping signal, compare with symbolic transfer entropy based on quantization, the symbolic transfer entropy method based on permutation entropy symbolization can obtain better results.
In the analysis of data, symbolic transfer entropy method based on quantization is a static division method, quantify data directly, which will ignore the details of the sequence information, so the experimental results will be greatly affected. In this paper, the method of permutation entropy symbolization is used to symbolize by using the correlation between the sequences, and the detailed information of the sequence is preserved. The experimental result show that in analysis of sleep signal, the result of symbolic transfer entropy method based on permutation entropy symbolization is better than the method based on quantization. And this result suggest that the method based on permutation entropy symbolization is better for analyzing the sleep signal, it can retain the details of sequence information, and more conductive to clinical applications.
